We studied cellular processes activated by prostaglandins (PG) 
concentration; CCh, carbachol; CCK8, COOH-terminal octapeptide of cholecystokinin; dbcAMP, dibutyryl cyclic AMP; DG, 1,2-sn-diacylglycerol; 16,16dmPGE2, 16,16 dimethyl prostaglandin E2; fura-2/ AM, fura-2 acetoxymethyl; H7, 1-(5-isoquinolinylsulfonyl)-2-methylpiperazine; IBMX, isobutyl-I -methylxanthine; LDH, lactate dehydrogenase; OAG, 1-oleoyl-2-acetyl-sn-glycerol; PDBu, phorbol 12,1 3-dibutyrate; 4aPDD, 4a-phorbol 12,1 3-didecanoate; PG, prostaglandin; TPA, 1 2-o-tetradecanoylphorbol 13-acetate. bition of gastric acid secretion in the stomach (1) (2) (3) . Some of the effects may contribute to reduce injury to the gastric mucosa caused by various noxious agents luminally applied in humans and experimental animals (4) (5) (6) . This PG action, which seems to be independent of their inhibitory action on gastric acid secretion, is referred to as cytoprotection (7) . However, in addition to the mechanisms proposed, recently available evidence has suggested that PGs may also preserve the viability of not only gastric glands but also a homogeneous population of gastric cells exposed to noxious agents in vitro (8) (9) (10) . Because PGs can directly interact with and protect gastric cells in the absence of mucus, blood flow, or bicarbonate, it is reasonable to speculate that PGs exert their protective effects presumably through activating intracellular processes. However, so far pretreatment of mucous-producing cells with dbcAMP has been shown not to reduce taurocholic acid-induced injury of the cells (9) . Accordingly, to clarify the mechanism by which PGs protect gastric cells against noxious agents-induced injury, we evaluated the effects of PGs on ethanol-or taurocholic acidcaused injury of isolated chief cells prepared from guinea pig stomach. We Dye exclusion test. Gastric chiefcells were pretreated with PGs and incubated with a noxious agent as described above. The washed chief cells were then suspended in I ml of PBS and thereafter 0.1 ml trypan blue solution (0.4 g/dl) was added directly to the cell suspension according to the method of Phillips (13) . The number of stained or nonstained cells was counted within 10 min.
5'Cr release assay. Isolated chief cells were incubated in HR buffer containing 10 ,Ci/ml of 51Cr for 2 h. The labeled cells were pretreated with PGs and incubated with ethanol for 1 h. Thereafter, 5'Cr radioactivity of the cells and of the supernatant was counted with a gamma counter. The percentage of 5'Cr released per sample was expressed by the method previously reported (14) .
Pepsinogen measurement. Chief cells were incubated at 37°C for 30 min in the presence of test agents. Thereafter pepsinogen released into the medium was measured by the method of Anson and Mirsky using acid-denatured hemoglobin as previously described (15) . Pepsinogen release was expressed as a percentage of total pepsinogen content present in the chief cells before the incubation. Pepsinogen content in chief cells was measured by the method above using porcine pepsinogen (3,800 peptic units/mg) as a standard.
Measurement of intracellular free Ca2" concentration ([Ca2+]j).
[Ca2+]i of isolated chief cells was measured by the method utilizing the Ca2"-selective fluorescence indicator fura-2 essentially as described previously (I 1). (19, 20 reduced LDH release to 19.4±0.6%, but the reduction was not statistically significant. PGB2 and PGF2a had no effect on ethanol-caused LDH release. PGE2 not only reduced ethanol-caused LDH release but also stimulated pepsinogen secretion dose dependently. The maximal pepsinogen response observed at 10-5 M was 4.3±0.4% total corresponding to 0.85±0.08 lsg pepsinogen with the calculated ED"o of 2.4 X 10-' M (Fig. 2 A) . The effects of PGE2 at varying concentrations of up to 10-5 M on pepsinogen secretion and ethanol-caused chief cell injury showed a similar proportional concentration dependency. Therefore, we examined what cellular processes are involved in PG-induced biological actions in chief cells. 16,16dmPGE2, PGE2, and PGE, stimulated a dose-dependent increase in cAMP accumulation with the maximal response at 10-6 M and ED50 Of 1.0 X l0-7, 1.1 X l0-7 and 1.2 X l0-7 M, respectively. PGA2 had only a weak stimulatory effect and PGB2 and PGF2a had no effect on cAMP accumulation (Fig. 2 B) the first peak value at 3 min with 80±4% increase above a basal level in [3H]glycerol-labeled chief cells. PGE2 further stimulated an increase in DG accumulation with the second peak at 20 min. DG accumulation was consistently sustained above a base level for at least 30 min. A biphasic increase in DG accumulation in a similar time course was also observed in response to 3 X 10-6 M PGE2 in chief cells prelabeled with [3HJarachidonic acid (Fig. 3 ).
This increase in DG accumulation at 3 min was dependent on either doses of PGE2 or PGs used. The maximal increase in DG in response to PGE2 was observed at 3 X 10-6 M with an ED50 of 1.0 X l0-7 M (Fig. 4) . 16,16dmPGE2 or PGE1 at 3 X 10-6 M almost equally stimulated an increase in DG accumulation, but PGA2, PGB2, or PGF2a at 3 X 10-6 M did not significantly stimulate the increase in DG accumulation. Furthermore, l0-4 M dbcAMP or 10-' M forskolin had no stimulatory effect on DG accumulation (Fig. 4) . Therefore, we investigated the role of DG/protein kinase C signaling pathway for the protection ofchief cells from ethanol injury by PGs. Pretreatment of chief cells for 15 min with varying doses of OAG, a synthetic diacylglycerol, which has been shown to activate protein kinase C directly (21) , reduced ethanol-caused LDH release from chief cells in a dose-dependent manner (Fig. 5 A) . TPA or PDBu, when added instead of OAG into pretreatment medium also reduced ethanol-caused LDH release dose dependently. By contrast, 4aPDD, an inactive phorbol ester (22) , did not cause any reduction of ethanol-caused LDH release (Fig. 5 B) . TPA or PDBu only at a high dose of 50 nM also failed to reduce ethanol-caused LDH release. When chief cells were pretreated with PGE2 in the presence of H7, a protein kinase C inhibitor (23) , H7 reversed the reduction of ethanol-caused LDH release by PGE2 (Fig.  5 C) .
When chief cells were pretreated with varying doses of OAG plus l0-4 M dbcAMP, dbcAMP did not affect the protective action of OAG or the chief cell injury at all (Fig. 6 A) .
On the other hand, simultaneous pretreatment of chief cells with OAG plus l0-7 M Ca2+ ionophore A23187 significantly reversed the reduction ofethanol-caused LDH release by OAG (Fig. 6 B) . Even ifchiefcells were pretreated with varying doses of OAG plus 3 X 10-6 M PGE2, additive effects on the reduction of LDH release were not observed (Fig. 6 C) . Pretreatment of chief cells with l0-7 M CCK8, another pepsinogen releasing agonist which has been shown to stimulate polyphosphoinositides breakdown in chief cells (17) (Fig. 7) .
Discussion
In the present study by using isolated gastric chief cells, we confirmed previous reports which suggest that PGs directly PGE2 in the presence (e) or absence (o) of 5 x 10-5 M H7 at 37°C for 15 min and subsequently incubated with 8% ethanol. Thereafter, LDH released into the medium was measured. Chief cell samples were prepared in triplicate in each experiment and results shown are mean±SE of four separate experiments. In A and B, values indicated (*P < 0.05, **P < 0.01) are significantly different from a control value obtained without OAG or phorbols. In C, values indicated (**P < 0.01) are significantly different from those without H7 at respective PGE2 concentrations. 1900 Konda et al. membranes but also subcellular organelles in most chief cells exposed to ethanol (8, 24) . Therefore, present results suggest that our methods utilized detected chief cell injury and PGE2, at least in part, effectively protected ethanol-or taurocholic acid-caused injury of chief cells.
We showed in the present study that the maximal protective effect was observed when chief cells were pretreated with 3 X 10-6 M PGE2 at 37°C and pH 7. negatively affect the endogenously generated diacylglycerolprovoked protection.
In general, diacylglycerol has been shown to be derived from the polyphosphoinositide breakdown which is considered to be stimulated by phospholipase C activation by extracellular signals (26) . However, in the present study, we were not able to observe any increase in [Ca2+]J in chief cells. We have previously shown that Ca2+ mobilization can be observed in gastric chief cells when polyphosphoinositide breakdown is occurred by the stimulation of cholecystokinin (16). Therefore, PGs seem not to stimulate polyphosphoinositide breakdown to generate diacylglycerol in chief cells, although we can not completely exclude the possibility that diacylglycerol is generated in part from hydrolysis of inositol containing phospholipids (27) . At present, we can not account for how PGs stimulate an increase in the accumulation of diacylglycerols in chief cells, but these data may be consistent with the observations that in some cells not all of the stimulated diacylglycerol can be derived from the hydrolysis of polyphosphoinositide (20, 28) . The mechanism by which PGs stimulate an increase in DG accumulation in chief cells is currently under investigation.
One note of caution that we must consider in interpreting our findings is that the cell preparations used for the present study consisted of 95% chief cells in our best preparation. Accordingly, it is possible that the observed changes in diacylglycerol accumulation occurred in non-chiefcells contaminating our preparations. However, the correlation between alterations in these parameters and PG-induced change in pepsinogen secretion suggests that the events are closely linked, probably within chief cells. Confirmation of this linkage requires additional studies in chief cells or other cell preparations of greater purity.
In conclusions, besides various effects of PGs in vivo, PGE2
and PGE, seem to possess the direct protective action against ethanol-or taurocholic acid-caused injury in guinea pig chief cells, presumably through the activation of diacylglycerol/protein kinase C signaling pathway.
